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AN ACTUATOR FOR DELIVERING 
A VARIABLE MECHANICAL FORCE 

Technical Field 

This invention relates to an actuator for delive- 
ring a variable mechanical force. More specifically it 
relates to a so called electro-mechanical brake unit, 
preferably but not exclusively for rail vehicles. 
Background of the Invention 

Conventionally, the braking of a rail vehicle is 
performed in that compressed air is admitted to a brake 
cylinder, wherein a piston moves axially and transmits 
an axial brake force. As an alternative, most often 
used for parking and emergency braking but occasionally 
also for service braking, a powerful spring is normally 
held compressed by compressed air in a cylinder, but 
when the air pressure is lowered a brake force is 
exerted . 

There is currently a trend towards avoiding a 
compressed air system on modern rail vehicles, which 
means that no air for control or power generation is 
available. In contrast it is often desirable to utilize 
electricity both as the power generating medium and the 
control medium, partly in view of the frequent use of 
electronics in control systems and the simplicity in 
the equipment for transferring power in the form of 
electricity, which can be used for diverse applications 
on board a modern rail vehicle. 

Accordingly, it is a growing interest for the 
concept called "braking by wire", i.e. a system in 
which a mechanical brake force is generated in relation 
to an electric signal supplied from the driver. The 
requirements on such a system are high, for example 
with regard to accuracy and response times in view of 
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possible anti-skid functions and so forth, but also 
with regard to simplicity, reliability and ability to 
withstand the rather extreme environmental stresses 
underneath a rail vehicle. 

In most actuators or electro-mechanical brake 
units of this kind an electric motor is used for 
generating the force. This force may either be used 
directly for mechanically applying the brakes or be 
stored in a spring means separately controlled for 
delivering the force at a later stage. 
The Invention 

The present invention is based on a new principle, 
although in practical embodiments use is made of spring 
means and an electric motor. The invention is charac- 
terized in that constant forces within the actuator are 
transformed into a resulting force, which may be varied 
through variations of leverages for the constant 
forces . 

In a practical embodiment of an actuator cr 
electro-mechanical brake unit a roller, which is con- 
nected to a member for transmitting a resulting force 
from the actuator, is acted on by constant forces from 
two directions forming an angle with each other, 
whereas the position of a reaction force support for 
the roller can be transferred along the periphery of 
the roller for creating different leverages and thus 
different resulting forces. 

The constant forces may stem from a variety of 
sources but in a preferred case the roller is acted on 
by the constant forces from opposite ends of a spring. 

Hereby the roller may be acted on by the force 
from one end of the spring in its axial direction and 
via a lever by the force from the other end of the 
spring for forming an angle with the first-mentioned 
force. 

In a preferred embodiment the spring is clamped 
between two spring cages, whereas the reaction force 
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supporl: is a cont:rol yoke ro-tatably arranged in -the 
housing of the actuator. 

This control yoke may preferably be rotatably 
transferred in relation to the roller by means of an 
electric control motor. By operating the motor a 
leverage change is obtained. The position . of the 
control yoke determines the force delivered from the 
spring. 

In a practical embodiment the angle between the 
two constant and equally large forces acting on the 
roller from the spring is 90^ in order to create a 
variation in resulting force from zero to twice the 
force of the spring. 

The slack adjusting function for the actuator used 
as a brake unit can be accomplished by a non-rotatable 
spindle in engagement with a nut rotatable in the 
housing of the actuator by means of an electric adjust- 
ment motor. Also the virtually forceless application 
and return strokes are attained by this arrangement. 
Brief Description of the Drawings 

The invention will be described in further detail 
below reference being made to the accompanying draw- 
ings, in which Figs la-e are sketches to illustrate the 
principle for the invention. Fig 2 is a side view, 
mostly in cross section, of a first embodiment of an 
actuator or electro-mechanical brake unit according to 
the invention. Fig 3 is an end view, substantially 
along the line III-III in Fig 2, of this unit. Fig 4 is 
a top view to a reduced scale of the unit. Figs 5a-c 
are enlarged side views of two key components in this 
unit in three different working positions and serve to 
illustrate how the unit functions. Fig 6 is a side 
view, mostly in cross section, of a second embodiment 
of an actuator or electro-mechanical brake unit accord- 
ing to the invention. Fig 7 is an end view, substant- 
ially along the line VI I -VII in Fig 6, of this second 
unit to a reduced scale, and Fig 8 is a top view of the 
tinit to the same scale as Fig 7. 
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Dei:alled Descrip-tion of Preferred Embodimen-ts 

The principle underlying "the present: Inven-tlon Is 
lllus-kra-ted In Figs la-e, showing a simple lever 
arrangemen-t In five chosen positions. For 1:he sake of 
clarity only Fig la Is provided with reference numer- 
als. 

An upper lever 1 Is pivoted at Its right hand end 
at 2^ whereas a lower lever 3 (shorter than the upper 
one) Is pivoted at a center portion at 4. A roller 5 Is 
movable between the two levers 1 and 3 by suitable 
means (not shown). The roller 5 may be replaced by any 
other device for the same purpose, the roller being 
chosen for the ease with which it may be transferred 
between the levers. 

At their respective left hand ends the levers 1 
and 3 are subjected to opposing counteracting forces F. 
For explaining the principle the forces need not be 
equal, but in the practical embodiments explained below 
they stem from the same spring. Also, the description 
is somewhat simplified by regarding the forces as 
equal. A resulting force considered to be delivered 
from the left hand end of the lower lever 3 is desig- 
nated Fj^. 

Fig la illustrates the situation where the 
roller 5 is exactly between the two forces F leading to 
the obvious result that the delivered force F^^ is zero. 
Due to the leverage chosen and shown ^ a movement of the 
roller 5 to the right between the levers 1 and 3 as 
Illustrated In Fig lb will result in a gradually 
increasing delivered force Fj^, iintll the roller 5 is 
right over the pivot point 4 (Fig Ic) for the lower 
lever 3, resulting in F„ being F, as there is no 
positive or negative influence from the force F acting 
on the upper lever 1. 

The delivered force F^ continues to increase when 
the roller 5 is transferred further to the right as 
depicted in Fig Id, until at a certain position - 
depending on the leverage - the delivered force is 
2F as shown in Fig le. Further movement to the right of 



the roller 5 will of course result: in even higher 
resulting forces F^, but such situations have not been 
depicted. 

The principle illustrated above can in practice be 
utilized in an actuator for delivering a variable 
mechanical force. In such an actuator the delivered 
force is wholly determined by the position of a control 
means; hereby the actuator can be easily controlled by 
an electric motor without any need for feed-back of the 
force in the system. Such an actuator is usable in 
various instances, a typical example, however, being a 
so called electro-mechanical, brake unit, for rail 
vehicles. The term "electro-mechanical brake unit" or 
shorter versions thereof is used below in the 
description of practical embodiments specifically 
intended for the utilization set out above. 

Two practical electro-mechanical brake units, 
preferably but not exclusively for use on rail vehic- 
les, will now be described with reference to the 
drawings. A first unit is shown in Figs 2-4 (with its 
function highlighted in Fig 5) and a second unit, which 
is similar to the first one but has a shorter axial 
length, in Figs 6-8. It must be kept in mind, though, 
that these units are only examples, among many, of 
practical embodiments utilizing the principle 
illustrated in Fig 1. 

Turning first to Figs 2-4, the unit shown therein 
has a two-part housing 6. To the right in Fig 2 a nut 7 
is rotatably Journalled in the housing 6 by means of 
ball bearings 8. The nut 7 is in thread engagement with 
a spindle 9, which is ended outside the housing 6 by a 
spindle plate 10. This plate 10 is to be non- rotatably 
connected to further parts of a brake rigging (not 
shown) and constitutes a force- transmitting member of 
the unit. The intrusion of moisture, dirt and the like 
in the unit is prevented by a bellows 11 between the 
housing 6 and the spindle plate 10. 
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The nut 7 may be rotated on the non-rotatable 
spindle 9 by means of an electric adjustment motor 12 
via a worm gear, of which one part is visible at the 
periphery of the nut 7. The function of the arrangement 
with the nut 7, the spindle 9 and the motor 12 is to 
adjust the position of the force transmitting plate 10 
in relation to the housing 6 so as to compensate for 
the wear in the brake rigging to which the unit is to 
be mounted or in other words to constitute a slack 
adjusting device, as is well known in the art. The 
motor 12 is also used at every application and return 
stroke to move the plate 10 into and out of contact, 
respectively, with the member to be braked. When the 
plate 10 has reached such contact, the actuator is in a 
"ready-position" . 

In the housing 6 a powerful helical compression 
spring 13 is arranged in two axial spring cages 14 and 
15. A right spring cage 14 has a flange 14' to the 
right in Fig 2 and the left spring cage 15 a flange 15* 
to the left; the spring 13 is arranged between these 
two flanges 14' and 15'. The right spring cage 14 is 
guided for certain axial movements in the housing 6 by 
the flange 14', and the spindle 9 is guided for axial 
movements inside the right spring cage 14 by means of a 
bushing 16 on the spindle. The left spring cage 15 is 
telesoopically guided for axial movements on the right 
spring cage 14. 

A lever 17 is rotatably arranged on a shaft 18 by 
means of a bearing 19. At either side of the lever 17 
on the shaft 18 is arranged a roller 20 and outside 
thereof a locking ring 21 to keep the assembly together 
on the shaft 18, which is not joumalled in the housing 
6. 

The end of the lever 17 to the right in Fig 2 is 
provided with a protrusion 17* cooperating with an end 
wall 14" of the right spring cage 14, which is slotted 
to allow the lever 17 to extend into its interior. At 
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its lower int:ezrmediat:e portion the lever 17 is provided 
with a boss 17' ' supported by a fixed bracket 22 in the 
bottom of the housing 6. 

By this arrangement the force from the spring 13 
can be transmitted through the right spring cage 14 via 
the lever 17 to an upwardly directed force in the 
rollers 20. 

The left spring cage 15 is extended to the left in 
Fig 2 by two ears 23, of which only one is visible in 
Fig 2 but both in Fig 3. The respective lower side of 
the ears 23 is provided with a plane 23 ' for inter- 
action with the respective roller 20 in a way to be 
described below. The two ears 23 are connected by means 
of a pin 24. Between the ears 23 on the pin 24 is 
arranged a roller 25 rot at able on a bearing 26. The 
centre of rotation for the roller 25 is designated 25*. 
Tbe pin is not Journalled in the housing 6. 

A control yoke 27 (Fig 2) has a plane surface 27' 
in contact with the roller 25 and may be ro tat ably 
displaced around a center of rotation 27 * ' , which is 
slightly offset from the center of rotation 25' for the 
roller 25. At either side of the ears 23 the control 
yoke 27 is Journalled on pins 28 provided with bearings 
29. The pins 28 constitute ends of screws 30 attached 
in the housing 6 and are thus fixed relative to the 
housing 6. 

The control yoke 27 may be rotatably displaced on 
its pins 28 by means of .an electric control motor 31, 
actuating the yoke over a worm gear arrangement, of 
which one part is visible to the right in Fig 3. 

The left spring cage 15 is not only extended into 
the ears 23 but also perpendicularly thereto into 
force-transmitting attachments 32, shown in Fig 4. 
Accordingly, the force from the brake unit is delivered 
from the spindle plate 10 and the attachments 32, to 
which legs of a disc brake arrangement or the like (not 
shown) may be attached. 
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The force delivered from -the brake unit (between 
on one hand the spindle plate 10 or housing 6 and on 
the other hand the attachments 32 or thus the left 
spring cage 15) stems from the spring 13 and may 
(according to the principles illustrated in Figs la-e) 
vary from zero and upwards depending on the position of 
the control yoke 27 in relation to the roller 25, as 
will now be described under reference to Figs 5a-c* 

Figs 5a-c illustrate the forces acting on the 
roller 25 and the resulting force in three different 
positions of the control yoke 27 (as accomplished by 
the control motor 31). 

The position of the control yoke 27 in relation to 
the roller 25 shown in Fig 5a is the one also shown in 
Figs 2 and 3, to which reference is made for a proper 
understanding of the interplay between the forces. 
Acting on the roller 25 (through its center of rota- 
tion 25') is a force F from the spring 13 transmitted 
in the horisontal direction from right to left in Fig 
5a via the left spring cage 15, the ears 23 and the pin 
24 and a further force F from the spring 13 transmitted 
in the vertical direction from below and upwards in Fig 
5a via the right spring cage 14, its end wall 14'', the 
lever 17, the shaft 18, the rollers 20, the ears 23 and 
the pin 24. The magnitude of this latter force may vary 
depending on the leverage of the lever 17 but can in 
this case for the sake of simplicity be regarded as 
equal to the above mentioned horisontal force. 

A reaction force to the above mentioned two 
forces, emanating from the spring 13, is provided by 
the control yoke 27, which is in contact with the 
roller 25 via its plane surface 27' tangential to the 
roller. By its rotational arrangement in the housing 6, 
the yoke 27 can be regarded as a part of the housing 6 
in this context. The two above mentioned forces from 
the spring 13 can be regarded as acting on the center 
of rotation 25' of the roller 25. The center of rota- • 
tion 27 ' ' is - due to the geometry of the arrangement - 
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offset from the former center 25 ' , but as Illustrated 
in Figs 5b and c the center 25' is practically on the 
same arc (which is dash-dotted) irrespective of the 
position of the control yoke 27, which means that a 
radial line from the contact point of the control yoke 
with the roller 25 going through the center, of rotation 
27* ' for the control yoke 27 also goes through the 
center of rotation 25 • for the roller 25. The resulting 
reaction force from the control yoke 27 acting on the 
roller 25 and illustrated with dashed lines in Fig 5 
accordingly goes through both centres of rotation 27 ' ' 
and 25 ' . In the ordinary way this force may be divided 
in a horisontal and a vertical component, which both 
are of the magnitude F. The resulting force F^^ of the 
described forces is zero, which means that with the 
position of the control yoke 27 shown in Fig 5a there 
will be no outgoing force from the unit via the attach- 
ments 32 (Fig 4) integral with the left spring cage 
15. 

In Fig 5b a second chosen position of the control 
yoke 27 is shown. Here the plane surface 27' of the 
control yoke 27 is horisontal, which means that the 
reaction force F is vertical and balances out the 
vertical force F from the lever 17 and the right spring 
cage 14. The resulting force F^^ on the roller 25 then 
constitutes the horisontal force F to the left from the 
left spring cage 15 and the ears 23. Thus the force 
transmitted by the attachments 32 is the force of the 
spring 13. 

In Fig 5c the control yoke 27 has been transferred 
by the control motor 31 to a third position. In a 
similar way to Fig 5a the reaction force from the 
control yoke can be divided into two components. The 
vertical component F of the reaction force balances out 
the force F from the lever 17 and the right spring 
cage 14. in the horisontal direction the reaction force 
component F adds to the force F from the left spring 
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cage 15, resulting in a total force from the attach- 
ments 32 of 2F. 

So far only the forces transmitted as constant 
forces from opposite ends of the spring 13 to a vari- 
resulting force have been described. However, 
energy is returned to the spring (through compression) 
by the elasticity in the braked system. Only a certain 
energy loss need to be conqpensated for by the electric 
control motor 31, assisting in transferring the control 
yoke 27 in the coxinter-clockwise rotational direction 
in Figs 2 and "5. This means that the normal energy loss 
at braking here is reduced to a minimum. 

It has been demonstrated that with the described 
arrangement the simple leverage principles illustrated 
in Fig 1 practically can be utilized to obtain a 
simple, fast and reliable electrical control of an 
inherent, static, mechanical force (in this case from 
an ordinary compression spring 13) by means of simple 
position control* 

A second embodiment of the invention is shown in 
Figs 6-8. The main difference relative to the first 
embodiment according to Figs 2-4 is that the components 
in principle are differently positioned so as to 
accomplish a unit with reduced axial dimension. 

In a housing 40 a nut 41 is rotatably Joumalled 
by means of bearings 42. The nut 41 is in thread 
engagement with a spindle 43 ended by a non-rotatable 
spindle plate 44. A bellows 45 is arranged between the 
housing 40 and the spindle plate 44. The nut 41 may be 
rotated via a worm gear by an electric adjustment motor 
46 for accomplishing a slack adjusting function. The 
spindle 43 is axially guided in a guiding tube 40'- of 
the housing 40 via a bushing 47. 

A powerful helical compression spring 48 is 
arranged around the housing tube 40* between two spring 
cages 49 and 50. A left spring cage 50 extends out of 
the housing 40 and constitutes a force-transmitting 
member of the unit. As appears in Fig 8, the spring 
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cage 50 as well as -the spindle plate 44 are provided 
with attachments 51 for levers or the like (not shown) 
of a disc brake caliper or the like. A protecting 
bellows 52 is arranged between the housing 40 and the 
spring cage 50. 

The force of the spring 48 is transmitted from a 
right spring cage 49 to two levers 53 (one at each side 
of the right spring cage 49 ) via shoulders 49 ' . At an 
intermediate point each lever 53 is supported by a 
fixed bracket 54 in the housing 40 so as to be rockable 
therein. 

The end of each lever 53 remote from the spring 
cage shoulder 49' carries an arm 55 extending upwards 
past the left spring cage 50. By the levers 53 the 
force of the spring 48 to the right in Fig 6 is trans- 
formed into an upwardly directed force in the arms 55. 

At their upper ends the arms 55 are connected by 
means of a shaft 56^ which is not journalled in the 
housing 40. Rollers 57 are journalled on the shaft 56 
by means of bearings 58. 

A control yoke 59 is in contact with the rollers 
57 via plane surfaces 59 ' • The yoke 59 is rotatably 
journalled on pins 60 provided with bearings 61. The 
pins 60 constitute the ends of screws 62 attached in 
the housing 40. The control yoke 59 may be rotatably 
displaced on its pins 60 by means of an electric 
control motor 63^ actuating the yoke over a worm gear 
arrangement, of which one part is visible in Fig 7. 

As appears from Fig 6 and - perhaps more clearly - 
from the right hand portion of Fig 7 there is a connec- 
tion between each arm 55 and the left spring cage 50 
for force transmission in the axial direction of the 
spring 48 and spring cage 50. This is accomplished by 
exterior shoulders 50' of the left spring cage 50 
cooperating with each side of the arm 55 at each side 
of the spring cage 50. A certain guiding in the 
vertical direction between the left spring cage 50 and 
each arm 55 may be accomplished by means of a pin 64 
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attached to the spring cage 50 and extending into a 
hole in the arm 55 provided with an elastic bushing 65. 

The fiinction of this second embodiment shown in 
Figs 6-8 is essentially the same as that of the first 
embodiment shown in Figs 2-5^ especially as regards the 
effect of a displacement of the control yoke 59, whose 
position shown in Fig 6 results in a zero outgoing 
force from the unit. Reference is again made to Fig 5 
and the description thereto. 
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CLAIMS 

1. An actuator for delivering a variable mechani- 
cal force, characterized in that constant forces within 
the actuator are transformed into a resulting force, 
which may be varied through variations of leverages for 
the constant forces. 

2. An actuator according to claim 1, characterized 
in that a roller (25; 57), which is connected to a 
member (32; 50) for transmitting a resulting force from 
the actuator, is acted on by constant forces from two 
directions forming an angle with each other and in that 
the position of a reaction force support (27; 59) for 
the roller can be transferred along the periphery of 
the roller for creating different leverages and thus 
different resulting forces. 

3* An actuator according to claim 2, characterized 
in that the roller (25; 57) is acted on by the constant 
forces from opposite ends of a spring ( 13 ; 48 ) • 

4. An actuator according to claim 3, characterized ' 
in that the roller (25; 57) is acted on by the force 
from one end of the spring ( 13 ; 48 ) in its axial 
direction and via a lever (17; 53) by the force from 
the other end of the spring for forming an angle with 
the first-mentioned force. 

5. An actuator according to claim 4, characterized 
in that the spring (13; 48) is clamped between two 
spring cages (14, 15; 49, 50). 

6. An actuator according to claim 5, characterized 
in that the reaction force support is a control 
yoke (27; 59) rotatably arranged in the housing (6; 40) 
of the actuator. 

7. An actuator according to claim 6, characterized 
in that the control yoke (27; 59) may be rotatably 
transferred in relation to the roller (25; 57) by means 
of an electric control motor (31; 63). 

8. An actuator according to claim 7, characterized 
in that the angle between the two constant and equally 
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large forces acting on the roller (25; 57) from the 
spring (13; 48) is 90° and in that the control 
yoke (27; 59) is to be transferred in relation to the 
roller along an arc of 90° in order to create a 
variation in resulting force from zero to twice the 
force of the spring. 

9. An actuator according to any of the preceding 
claims, characterized in that an application and return 
stroke, respectively, as well as a slack adjusting 
function for the actuator used as a brake unit are 
accomplished by a non-rotatable spindle (9; 43) in 
engagement with a nut (7; 41) rotatable in the housing 
(6; 40) of the actuator by means of an electric 
adjustment motor (12; 46). 
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